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Acceptance of Tobacco Mosaic Virus by
Established Tomato Root Cultures
VALERIE HALVERSON
Marshalltown Community School

Background
With Haberlandt's idea of cultivating individual cells in vitro, cell tissue
culture began in 1902. Sporadic work was done in this area through the ensuing years. However, it was not until White's cultivation of tomato roots for
an indefinite time span in 1934 that culture study became
significant. Most work has been oriented toward the study
of the growth and function of the cell. The research has
included various nutritional and environmental studies. The
proposition of this research is to use established technique
for culturing tomato roots in order to go a step further, and
use these cultures to study the effect of the virus on the
cell. Virologists have been extremely interested in how the
virus attacks the cell. Research of this nature could b e
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greatly facilitated by the introduction of plant tissue culture, as whole plants are space- and time-consuming in research. By isolating
a single plant part, such as the root, and growing it in abundance, a continual
source is available to infect with virus. A search of the literature and correspondence with Dr. Philip White and Dr. Jacques Lipetz reveals that the infection of root cultures with tobacco mosaic virus has never been verified.
Problem
Can established tomato root cultures be infected with tobacco mosaic virus?
Procedure
The plan of this research was to first establish tomato root cultures; second,
to infect them with TMV; and third, to observe and verify this infection, if
possible.
Sound, ripe tomatoes were obtained from a local grocery store. These
were washed thoroughly, and rinsed in alcohol and then distilled water. Using
sterilized equipment, the tomato was cut in four sectors and opened with the
hands. The seeds, in natural sterile conditions, were removed with forceps and
placed in Petri dishes lined with water-saturated filter paper, which had
been autoclaved. These dishes were then sealed with tape to prevent evaporation and contamination. The dishes were placed in a dark cabinet kept at room
temperature to allow the seeds to germinate.
The necessity of sterile conditions will be evidenced throughout this paper.
Since the introduction of contaminents, i.e., bacteria, molds , fungus , would
destroy the culture, utmost precautions were taken to avoid contamination.
Containers were rinsed four times with distilled water, and all transfer work
was done on an alcohol-cleansed surface around a flame. Sterilized distilled
water was used in all solutions.
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During the germination period of six days, the nutrient media was mixed.
The success of White's media cannot be denied, and this formula was used
( see Bibliography ) . This media was poured into 250 ml Erlenmeyer flasks to
a depth of 2 to 2)~ cm., was capped with a cotton plug, and then autoclaved. Since the pH of this media needed to be 5.5, the solution had to be
adjusted with sterile 1 KOH after autoclaving. The transfer of the roots was
accomplish ed by cutting th e roots about 2 cm. from the tip and th en placing
th em into the flasks with the media. One must pick up the roots by the severed
end to avoid damaging the growing tip. Th e flasks were kept in a dark chamber for growth.
After growing for a period of one week, the roots needed to be transferred
to new media. Fresh media was prepared and placed in flasks and autoclaved. The transfer area was cleaned thoroughly and wiped with alcohol. The
chemistry laboratory was found to be suitable for transfer, as th e air in the
room was relatively clean. If a biology laboratory is to be used , a transfer
hood can be designed to help prevent contamination. Longer roots needed to
b e cut before transferring th em to the new containers; again, precautions
were taken not to damage the growing tip. All this work was completed as
rapidly as possible to avoid contamination. Wh en roots can be cultivated
through several transplants, they are said to be established. Upon accomplish-
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ing this, the second part of the procedure was begun.
The common method of infecting plants with TMV is to abrade the surface
lightly and smear this abrasion with the virus. This and a second method, that
of allowing the roots to absorb TMV particles from the nutrient media, was
used in this research. The common strain of the virus was obtained from
Iowa State University in a sodium phosphate buffer with a pH of 7.2 and a
concentration of 35 mg./ml. This virus had b een frozen in small screw-cap
test tubes and stored in a freezer.
The abrasion method was most difficult, due to the large possibility of contamination involved. After first flaming the mouth of the flask, the roots were
picked up from the solution and scraped with a needle, which at the same
time was releasing the viral solution onto the area. The root was then replaced in the flask and after flaming, the cotton plug was replaced. With the
second method, )~ ml. TMV was added to some flasks , where others were left
uninfected, as controls.

Results
The physical effects of the virus on the cultures was observed first. On those
roots which had been abraded, a brown coloration was noticed which gradually extended from the source, the abraded area. On both types, the secondary roots turned brown and shriveled. This was more noticeable, however, on those specimens to which )~ ml. of the virus was added. This indicated that the concentration of the virus in the solution is proportional to the
degree of infection. The possibility of this being contamination was considered. However, no visible microbe growth was observed.
The tissues were then fixed using FAA, which is composed of ethanol ,
glacial acetic acid, and formaldehyde. Following fixation the roots were
dehydrated using various solutions of ethanol and distilled water, ethanol
and butanol and pure butanol, and then mineral oil and were embedded in
paraffin. After slicing with a rotary microtome, the sections were mounted on
slides and stained. Safranin and fast green were used in a procedure advanced by Sass ( see Bibliography ).
In the infected root ( see illustration ), a great deal of distortion was observed in the cortex. The parenchyma cells were distorted , and no nuclei were
seen, with few exceptions. In some instances the cells were liced, indicating
viral activity. The intracellular spaces were larger, also. In the stele, or vascular tissue again, no nuclei were observed. The cells were jammed together, and
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spacing and shapes were irregular. A build up of cells at the ends of the stele
indicated possible scar tissue.
The most conclusive method of evaluating TMV infection would be to use
electron micrographs to spot the actual virus, which, at present, is out of the
range of this researcher's resources. However, this would give confirmation of
the virus' presence in the cell.

Conclusion
Evidence strongly indicates that the maturing roots in liquid culture will
accept the TMV and be a satisfactory host for viral studies. The importance
of this method of infection is its simplicity, which would enable this to b e
conducted on a large scale for research purposes.
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